Introduction: Febrile neutropenia is a major cause of morbidity and mortality in patients presenting this condition following chemotherapy against several malignancies. Objective: To evaluate if capillary refill time (CRT) allows the prediction of poor clinical outcome with or without antibiotic dose escalation. Method: Capillary refill time was assessed in 50 patients with febrile neutropenia at its nadir after chemotherapy admitted to the emergency department at Hospital Universitário de Brasília. All patients included had a minimum average arterial blood pressure of 75 mmHg, O 2 /FiO 2 saturation rate > 300, and 15 points in the Glasgow coma scale. Inclusion depended on at least three of the systemic inflammatory response syndrome (SIRS) criteria, suspected infection, and neutropenia after chemotherapy. Capillary refill time was calculated by pressing the index finger for 15 seconds, and then timing the return to the initial color. We studied whether there is a relationship between CRT and antibiotic escalation. The gold standard used to gravity was the level of lactate. Results: 31 patients had CRT ≥ 3 seconds, which it is associated with increased serum concentration of lactate (> 2 mmol/L; p<0.05). 32 patients underwent antibiotic escalation, which it is associated with CRT ≥ 3 seconds (p<0.01). Conclusion: CRT higher than three seconds was effective to predict antibiotic escalation.
introduction
Febrile neutropenia is a common and potentially fatal complication in patients undergoing chemotherapy for various cancers and is considered a medical emergency.¹ It is defined by the presence of neutropenia associated with fever or hypothermia. Neutropenia, in a complete blood count, is a neutrophil count of less than 500/ mm 3 or between 500 and 1000/mm 3 if there is a downward trend. Fever is a state in which oral temperature is equal to or greater than 38.3º, or axillary temperature is equal to or greater than 37.8º, or even persistence of temperature between 38 and 38.3º for over an hour. Hypothermia is defined as axillary temperature lower than 35.5º.² Capillary refill time has been used for decades in medicine to assess peripheral perfusion. 3 In 1980, this measure was introduced as severity score in trauma. 4, 5 Its reliability is much questioned. However, a comparative study between transcutaneous partial pressure of O 2 and capillary refill time demonstrated its effectiveness to assess peripheral perfusion.
Since the advent of chemotherapy, at the end of the 1950s, the prognosis of patients with cancer has improved, but the appearance of chemotherapy-induced neutropenia and its relation to the risk of infection became clear.¹ Neutropenia is the most common complications of chemotherapy; 25 to 50% of patients in the post-chemotherapy period develop febrile neutropenia, reaching 80% in hematological tumors.
The complications of febrile neutropenia are severe sepsis and progression to multiple organ failure with a high mortality rate.
Often, the only symptom is fever, which is a major challenge.
Treatment should be initiated as early as possible. If the blood count takes longer than 30 minutes, the recommendation is to start broad-spectrum antibiotics immediately.
Central venous oxygen saturation was compared to different capillary refill times, leading to the observation that central venous oxygen saturation equal to or greater than 70% is associated with a CRT < 2 seconds, showing the reliability of the latter.
The main question has always been validation and its applicability validated in adults. In 2009, the CRT was validated compared to blood lactate levels. 8 CRT and skin temperature, together, are good predictors of peripheral perfusion. Their importance is clear in the patient's admission to the emergency department. The temperature gradient can better reflect the patient status compared to the skin temperature alone. 7, 8 In a setting of constant temperature, the central-toperipheral gradient rises and the peripheral-to-ambient gradient declines when there is vasoconstriction. Ambient-to-skin temperature gradient can reveal changes in blood flow in the skin. Increased blood flow leads to heat being transferred from within the body toward the skin. Decreased blood flow also decreases heat conduction from core tissues to the periphery. During vasoconstriction skin temperature falls, heat transfer within the body drops, and the gradient increases. A gradient of 3-7º from core tissues to the periphery indicates a stable hemodynamic status. Ambient temperature <20 º undermines the use of this gradient. Temperature changes in the environment affect the temperature as a whole, having little influence on the gradient. Experimental studies have suggested a gradient limit of 4º for severe vasoconstriction. 9 oBJective To assess whether the capillary refill time can predict poor clinical outcome in patients with febrile neutropenia after chemotherapy. The clinical outcome was antibiotic escalation.
Method
Capillary refill was timed in patients with post-chemotherapy febrile neutropenia admitted to the emergency department of Hospital Universitário de Brasília. We assessed if a longer capillary refill time (CRT) can predict severity in these patients through monitoring of their medical progress. This is a prospective observational study. The total of patients was 50. There was no intervention. Inclusion criteria were patients complaining of fever and/or chills, or hypothermia after chemotherapy and systolic blood pressure greater than 90 mmHg. In such cases, the investigator was called to check the other inclusion criteria, namely: age greater than 18 years, nadir after chemotherapy, neutrophils less than 500/mm³ or between 500 and 1000 but with a downward trend. Also, mean arterial pressure (MAP) > or equal to 75 mmHg, axillary temperature (Tax) > 38.3º or Tax < 36 º, heart rate > 90 bpm, respiratory rate > 20 bpm; thus, with systemic inflammatory response syndrome and suspected infection based on change in cough or new cough, or recent abdominal pain with or without diarrhea. Not being treated with metformin, not having a history of peripheral arterial disease, not being treated with leukocyte-activating factor, agreeing to take part in the study, not being treated with angiotensin-converting enzyme inhibitors, hemoglobin > or equal to 8 g/dL, Glasgow coma scale equal to 15, O 2 /FiO 2 saturation rate > 300, and not using oxygen at home.
CRT was measured by pressing the distal phalanx of the right index finger of the patient for 15 seconds, with measurement of time using a stopwatch. CRT was considered prolonged when the time was equal to or greater than three seconds.
CRT was always measured in the same room and by the same person. Concomitantly, the temperature gradient between ear cavity and the ipsilateral hallux was measured, with 7º C being considered as peripheral vasoconstriction, i.e., redistribution of blood flow at an early stage.
The temperature was measured using infrared digital thermometer inserted into the external auditory meatus, followed by evaluation of the temperature gradient and CRT.
This study was approved by the Research Ethics Committee.
results
In order to analyze the association of a CRT equal to or greater than three seconds with the temperature gradient between ear cavity and the ipsilateral hallux, Fisher's exact test was performed (Table 1) . Of the 34 patients with CRT equal to or greater than three seconds, 31 had gradients equal to or greater than 7 degrees, while among those with CRT below 3 (16) only one presented a temperature gradient within this range (p<0.01). Measuring the temperature gradient together with CRT aimed to reduce the subjectivity of CRT research. 
Lactate
In this variable, the amount of lactate in patients was observed. Capillary refill times equal to or greater than three seconds corresponded to lactate levels higher than 2.0 mmol/L. To analyze if the CRT (whenever equal to or greater than 3 seconds) and lactate (greater than 2) variables are independent from each other, Fisher's exact test was performed (Table 2) . CRT and lactate levels The obtained p-value was p<0.05; therefore, CRT greater than three is associated with increased serum concentration of lactate.
CRT and antibiotic escalation
The CRT analysis showed that patients with CRT greater than three seconds had a greater need for antibiotic escalation (p<0.01) ( Table 3) . Antibiotic dose escalation; CRT: capillary refill time, in seconds.
discussion
The levels of lactate corresponded to the capillary refill time. Lactate is a predictor of severity that does not depend on the etiology of a clinical status, the cause of shock, or on inadequate tissue perfusion. CRT is, therefore, a predictor of severity. Lactate is considered the gold standard in this study. CRT, which was a predictor of severity in this group neutropenic febrile patients, is a practical and simple clinical sign, and could be incorporated in the evaluation of these cases. CRT was able to predict, together with the lactate level, a bad clinical outcome which is antibiotic escalation. Antibiotic dose escalation leads to longer length of hospital stay, which is considered very harmful to patients with impaired immunity due to low neutrophil count. CRT pointing to greater severity in a nonspecific manner implies that we do not know whether patients with CRT actually have an increased deficit volume or a greater chance of progressing to severe sepsis and multiple organ failure.
conclusion
There was a statistical relationship between lactate and capillary refill time, and between the latter and antibiotic escalation. Therefore, in this group of patients, the CRT allowed the prediction of poor clinical outcome, since antibiotic escalation implies longer hospital stays and higher chance of complications. references
